We generalize a new concept of local correction of nonlinearities due to multi pole content by giving it a mathematical description. We present a general method which allows for a general reduction of all the distortions produced by a given set of multi pole errors. The method can be applied to correct an arbitrary distribution of the errors in any transport system, such as transport lines, linacs,synchrotrons and storage rings .
1
For reasons of stability and reliability, predominantly linear motion is required
In a long beam transport system. In this linear motion, particle trajectories lie on ellipses in position-momentum phase space. Nonlinear motion due to multi pole fields changes these trajectories in both amplitude and phase, distorting the phase space and causing instability on short or long time scales [1, 2] . Therefore, one must correct the nonlinear effects of the multipole content present in the various elements of the system. A common correction technique for short optical systems (mass spectrometers or electron microscopes) is to identify a few key distortions and insert lumped correctors specifically designed to eliminate those. However, in long periodic transport systems, nonlinear effects can accumulate either coherently or noncoherently over repeated cells and a large number of distortions can affect the beam. Hence the nonlinear effects cannot be cancelled by a lumped correction scheme without either a prohibitively large number of correctors or undesirable high order effects due to large corrector strengths. In this paper, we present a new method of locally correcting nonlinearities in each transport cell in a way which reduces all nonlinear effects due to a given multi pole content. 
H(s)
We refer to this solution as "local" correction; it is not practical in general. Instead, we derive conditions on c(s) which achieves a close approximation to Eq.(2).
In region 2, the motion is governed by the Hamiltonian K( s): 
The Fn are the nth moments ofthe total multi pole distribution in region 2. We call a 3 system that sets all Fn to zero for n ::; m -1 a m-parameter quasi-local correction system. We re-emphasize the underlying assumptions behind this approach and contrast it with "lumped" correction. In practice c( s) will consist of short elements and in the examples presented below they are represented by zero length correctors of integrated strength Ci at locations Si: is better in our example than the corresponding NC configuration. This is not a general result; it depends on the nature of the cell and its errors. 5 In the previous examples, the case e(s) = Eo was used. The method is easily extended to include e(s) varying throughout region 2 with similar improvements in linearity. For example [see figure 3 ], we consider a region with six independent errors which are corrected by an equally spaced arrangement. The optimal strengths for the correction are:
If all ej are equal, we regain the NC formula. Statistical computation and tracking results confirm the validity of this correction [10] .
If e( s) varies from cell to cell, the strengths Cj should also vary from cell-to-cell.
However if a GQ-like algorithm is employed, the corrector locations must also vary from cell-to-cell. That may be impractical in a repeating cell structure.
We have outlined an extremely powerful method of quasi-local correction of multipole content in a long transport system. The method uses discrete correctors powered so as to locally cancel the lowest-order moments of that multi pole content.
In the simplest case of constant multi pole fields, the solutions can be expressed in terms of finite-point integration formulae. The full method can provide enormous reduction in all nonlinear effects, and in all orders .
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